During April 1992 a sudden increase in the number of Salmonella brandenburg was noted among the strains sent to the Swiss National Reference Laboratory for serotyping. For the entire month the number of human isolates totaled 33, in comparison with yearly totals of 19 to 31 for previous years. There was no geographical clustering of the cases, and no formal epidemiological investigation was performed. The outbreak was unusually prolonged. For 1992, the total number of S. brandenburg isolates from humans, 254, corresponded to 6 .6% of all human Salmonella isolates for the year. Despite a marked decrease in the number of cases, the outbreak continued in 1993, with the number of cases still clearly higher than those in preepidemic years ( Fig. 1) . During the outbreak period, various Salmonella isolates from meat, various meat products, chicken carcasses, and fattening herds of pigs submitted for serotyping were also identified to be S. brandenburg. Several case patients were admitted to the hospital after having eaten such products during the days before the onset of their symptoms. Multiple vehicles were therefore suspected to be implicated in the outbreak; however, this could only have been confirmed by better evidence of the identities of the strains from the various sources.
Phage subtyping schemes have been developed for those Salmonella serovars which are of primary epidemiological or clinical importance, such as S. enteritidis or S. typhi. However, for serovars which more rarely cause epidemic salmonellosis outbreaks, phenotypic subtyping methods are not generally available, and molecular typing is particularly appropriate. In the study of S. brandenburg described here, restriction fragment length polymorphisms (RFLPs) at three markers of the chromosomal genotype were compared with band differences in the macrorestriction profiles of the genome to characterize strain differences. The marker loci were the multicopy 16S rRNA (rrs) and 23S rRNA (rrl) genes, whose organizations have been analyzed for phylogenetic purposes (7, 16) , and the small insertion sequence IS200 (9) , which has proved to be useful in the study of the molecular epidemiology of S. typhimurium (14) and other serovars (15) . Physical maps of the genome of S. typhimurium have recently been constructed by "macrorestriction" with endonucleases which cleave infrequently (10, 11, 18) . We examined its application to epidemiological analysis by pulsed-field gel electrophoresis (PFGE) (12, 13) .
MATERIALS AND METHODS
Bacterial strains and culture conditions. Strains of S. brandenburg designated by UB numbers were from the Collection of the Swiss National Reference Laboratory for Foodborne Disease, University of Berne, and are listed by order of accession date in Table 1 . The National Collection of Type Cultures (NCTC) type strain of this serovar, NCTC 5725, was included in the study. Stock cultures were maintained on Dorset-egg agar slopes at room temperature. Strains were grown in nutrient broth for DNA isolation, and purity was checked on blood agar plates.
Nucleic acid techniques. Two probes from the genomic DNA of S. brandenburg NCTC 5725 were generated by PCR for the analysis of restriction site variations in and around the 16S rRNA (rrs) genes. The smaller of these was a 550-bp probe prepared as described previously (4), while the larger was a 1,500-bp probe amplified with the primers 5'-AAGAGTTT GATCCTGGCTCAG-3' and 5'-GGTTACClT GTTACGAC TT-3', corresponding to nucleotides 7 to 27 and 1492 to 1510, respectively, of the Escherichia coli 16S rRNA gene sequence Number of isolates per week 18 (14) .
Preparation of genomic DNA for restriction with a rarely cutting enzyme (macrorestriction profiles) was made in lowmelting-point agarose (Ultrapure; Bethesda Research Laboratories) gel plugs, as follows. Bacteria grown overnight on nutrient agar plates were suspended in 2 ml of 0.85% physiological saline, and the suspension was warmed to 56°C. An equal volume of the suspension was mixed with 0.5 ml of 2% agarose, dispensed into a multiple-well plug former, and allowed to set at 4°C. The agarose plugs were then displaced into Bijoux bottles containing 2 ml of lysis buffer (1% Sarkosyl, 0.5 M EDTA [pH 9.5]) and 50 ,ul of proteinase K (20 mg/ml). Following overnight incubation at 56°C, the solution described above was replaced by (the same) fresh reagents and the mixture was again incubated overnight before being replaced with TE (10 mM 
RESULTS
Plasmid analysis and antimicrobial resistance patterns.
The presence of plasmids was screened by standard methods (8) . In strain UB1515, a 86-MDa plasmid was detected, and this strain was shown to be resistant to tetracycline, sulfasoxazole, spectinomycin, and streptomycin. In a streptomycinresistant strain, UB6454, a 33-MDa plasmid was detected. The remaining strains (30 of 32 strains) did not contain extrachromosomal DNA and had no resistance to antimicrobial agents.
RFLPs at 16S and 23S rRNA genes. In genomic Southern blots made with PvuII and probed with the 550-bp 16S gene amplicon, the sizes of homologous bands ranged from 3.5 to -20 kbp. Two RFLPs were detected among the strains. One of these RFLPs was shared by NCTC 5725 (Fig. 2A, lane 1) , the bovine isolate UB418 (Fig. 2A, lane 2) , and 20 of 21 Swiss isolates from the 1991-1992 outbreak ( Fig. 2A, lane 3) . Swiss strains isolated prior to this and isolates from other countries shared the second PvuII RFLP at this locus ( Fig. 2A, lane 4 "See Fig. 3 . ' MluI RFLP types were obtained with a 16S or a 23S rRNA gene-specific probe, respectively. They were identical-the genes are contiguous-and are shown in (Fig. 2B, lane 1 versus lane 3) . The sporadic isolates from Switzerland and the isolates from other countries exhibited MluI RFLP profile II (Fig. 2B, lane 4) ; they had seven rather than six MluI bands, two of which were unique (6.4 and 8.2 kbp) (Fig. 2B, lane 4) . The rest of the strains, primarily the 18 strains from Switzerland isolated in 1992, had a sixband MluI RFLP type termed MluI ribotype III. Again, the single strain from 1985, UB418, had the same MluI profile as the 1992 outbreak strains from Switzerland (Fig. 2B, lane 2). When MluI blots were probed with a 1,500-bp PCR amplicon corresponding to an almost full-length copy of the 16S rRNA gene, 13 to 14 bands of various sizes (1.8 to -25 kbp) were detected, but the three groups of strains observed were identical to those detected with the 550-bp probe in MluI blots (data not shown).
MluI blots of all strains were also probed with a 614-bp amplicon from the 23S rRNA gene, and three RFLP profiles were detected. These were identical to those seen in MluI blots probed with the 550-bp 16S gene probe, i.e., they were precisely as shown in Fig. 2B Table 1 . The two PstI profiles detected were related and were unique to the serovar S. brandenburg; they were not previously found in 60 other serovars analyzed in our laboratory (data not shown). Several faint background bands appearing in certain blots were not found in other blots or in other digests and represent nonspecific hybridization. The plasmids found in strains UB1515 and UB6454 did not hybridize with the IS200 probe.
PFGE. Macrorestriction profiles of the chromosome were generated by XbaI digestion, and PFGE was carried out as described in Materials and Methods. About 15 fragments from -40 to -530 kbp were detected. Four or more fragments of less than 100 kb were always visible on the UV transilluminator, but they were sometimes difficult to reproduce photographically. This was particularly noticed with three strains (Fig. 4, lanes 8 to 10, respectively) which consistently yielded less DNA than the others. The XbaI profiles were designated A to J according to the date of isolation of the strain (Table 1 ; Fig. 4) .
The eight strains isolated in Switzerland before 1992, whether from sporadic human infections, animal feedstock, or farms, exhibited five different macrorestriction profiles (mrps). One of these, mrp C (Fig. 4, lanes 1 and 13) , appeared in three strains causing sporadic human infections both prior (UB2474, UB2522) and subsequent (UB6999) to the principal upsurge of S. brandenburg in Switzerland in 1992 (Fig. 1) . Mrp C was associated with the three-band IS200 profile and rRNA gene profile II. Swiss strains with the mrp B profile (UB3529, UB2580, and UB1987) exhibited one band different in size from those in strains of mrp C (cf. Fig. 4) . Strains with these profiles and strains with three other profiles (mrps H, I, and J) had the same IS200 and rRNA gene profiles as strains with the mrp C profile. The latter three profiles (mrps H, I, and J) were observed in four strains isolated outside Switzerland; the first in an Italian isolate, the second in two strains isolated in the UB6999; 2, UB2580; 3, UB4123; 4, UB4706; 5, UB2503; 6, UB4228; 7, UB418; 8, NCTC 5725; 9, UB1333; 10, UB5485; 11, UB752; 12, UB1515; 13, UB2522; 14, UB3529; 15, molecular size markers, which were successively larger concatamers of bacteriophage lambda DNA (New England Biolabs).
United Kingdom and Ireland, and the third in another Irish isolate.
The absence of two of the largest XbaI (-360 and -390 kbp) bands characterized 20 other strains in the study. They included an isolate from a cattle farm obtained in 1985 (UB418), an isolate from a sporadic human infection in 1991 (UB4706), as well as all 18 S. brandenburg strains isolated in Switzerland during the year 1992. A second sporadic human isolate obtained prior to 1992 (UB4123; Fig. 4, lane 3) was clearly related to this group. The 18 Swiss strains isolated in 1992 exhibited identical macrorestriction profiles (mrp G; Fig.  4 , lanes 6, 11, and 12), although they included strains from humans (both fecal and blood isolates) or diverse animals or meat products.
DISCUSSION
The data obtained in the present study are consistent with the existence of two principal evolutionary lines in the serovar S. brandenburg which have both different ribotypes and different IS200 profiles. Strains isolated in Switzerland prior to 1991 or outside Switzerland had a three-band IS200 profile and MluI ribotype II (cf. Fig. 2 as in the present case. Given the relatively low IS200 copy number exhibited by S. brandenburg, IS200 profiling was only as discriminatory as ribotyping; the discriminatory power of IS200 profiling depends on the copy number of the element (1, 14, 15) , and when it is low, ribotyping can be more discriminatory (4 There was a clear association of certain macrorestriction profiles with strains from specific geographical areas (e.g. Italy versus the United Kingdom and Ireland versus Switzerland). Furthermore, the stabilities of the macrorestriction profiles were evidenced by the finding of the same profile in Swiss strains from 1983-1984 and 1992 (namely, mrp C in UB2474, UB2522, and UB6999). Given this level of strain discrimination, the uniformity of the outbreak type, mrp G, was striking. It has been remarked that the concept of clonality depends on the setting and that this term is best applied in a relative rather than an absolute sense (6) . We conclude that mrp G defines the genotype of the 1992 outbreak strain of S. brandenburg in Switzerland. All potential food sources for the outbreak were shown to contain mrp G isolates, confirming that multiple vehicles of infection caused the outbreak. This finding would be consistent with a hypothesis that successive rounds of fattened animals would have given rise to successive rounds of contaminated products; there was an obvious periodicity in the pattern of the epidemic curve (Fig. 1) . The macrorestriction profiles of all outbreak-associated strains, which were identical, differed from those of all preoutbreak-associated strains, and no differences between the macrorestriction profiles of strains from different food vehicles in 1992 were found. Contemporary methods of animal husbandry and food production may increasingly lead to the type of outbreak reported here, that is, one which is not amenable to conventional epidemiological investigations since proof of the association of different food vehicles with a single outbreak may be difficult to establish.
The present study confirms the value of macrorestriction profiling and PFGE in providing epidemiologically stable strain markers. In general, we noted that PFGE macrorestriction profiles exhibited "typeability" (13) and reproducibility (10 experiments) equal to those of IS200 profiling or ribotyping, while they were more discriminatory for epidemiological purposes. It has been pointed out that PFGE can sometimes be too sensitive for strain characterization (5) . The data presented here show that a systematic approach that compares macrorestriction profiles with other markers of phylogenetic value such as ribotype or IS200 profile is helpful, indeed definitive, for epidemiological purposes. Such an approach to typing is generally applicable to all types of salmonellae and greatly increases our ability to discriminate between strains beyond the serotype level.
